This study tests the effect of neighborhood changes on gonorrhea rates. Prior studies that indicate gonorrhea rates are associated with alcohol outlet density and neighborhood deterioration have been cross-sectional and cannot establish causality. After the 1992 Civil Unrest in Los Angeles, 270 alcohol outlets surrendered their licenses due to arson and vandalism thus providing a natural experiment. We geocoded all reported gonorrhea cases from 1988 to 1996 in LA County, all annually licensed alcohol outlets, and all properties damaged as a result of the civil unrest. We ran individual growth models to examine the independent effects of changes in alcohol outlets and damaged buildings on gonorrhea. The individual growth model explained over 90% of the residual variance in census tract gonorrhea rates. After the civil unrest, a unit decrease in the number of alcohol outlets per mile of roadway was associated with 21 fewer gonorrhea cases per 100,000 (po.01) in tracts affected by the Unrest compared to those not affected. Neighborhood alcohol outlets appear to be significantly associated with changes in gonorrhea rates. The findings suggest that efforts to control sexually transmitted diseases, including gonorrhea and HIV, should address contextual factors that facilitate high-risk behaviors and disease transmission r
Introduction
The world in which we live is a complicated ecosystem in which small changes in one seemingly distant component can affect other facets of the system indirectly. When neighborhoods and communities are physically altered, many social changes and unintended consequences may follow. For example, Wallace et al. (Wallace, 1990; Wallace & Wallace, 1991) described how the closure of fire stations in parts of New York City led to neighborhood deterioration, community destruction, and the spread of HIV. DeCosas describes how the building of a dam in Ghana displaced villages and resulted in an epidemic of HIV because villagers who lost their farmlands, and thus their livelihoods, took up sex work as a means to survive (Decosas, 1995) .
Neighborhood change, however, is usually more subtle or gradual than these examples, making the impact of the physical environment on our social behaviors hard to identify. In addition, because many socioeconomic and demographic groups in the United States exhibit substantial mobility (20% of United States residents moved within 1 year, between 1999 and 2000 (Census, 2000) ), it can be particularly difficult to link health outcomes at the individual level to neighborhood conditions. Lastly, despite legal protections to ensure residential choice, differential access to housing loans and markets can make it difficult to disentangle individual and group preferences for community types from the impact of a neighborhood's physical and social structure on the individuals who live there (Fischer, 2003; Holloway, 1998; Massey & Denton, 1993; Squires, Friedman, & Saidat, 2002) . Opportunities to understand the discreet effects of the environment may arise when sudden changes occur and subsequent events can be clearly attributed to those changes.
Such an opportunity arose in Los Angeles in 1992, when, in the aftermath of the trial of the four police officers accused of brutally beating Rodney King, several days of rioting, looting, and arson resulted in the closure of 270 alcohol outlets, 55 deaths, and nearly one billion dollars of property damage (Fig. 1) . In addition, a community mobilization effort in South Central Los Angeles that had begun prior to the civil unrest in response to the crack cocaine epidemic (Karen Bass, 2004, personal communication) was refocused on preventing destroyed alcohol outlets from reopening (Grills, Bass, Brown, & Akers, 1996) . The property destruction coupled with community efforts that resulted in new conditional use zoning laws made it more difficult to open an alcohol outlet. Placing a variety of new requirements on operating alcohol outlets reversed a trend of increasing alcohol outlets in Los Angeles County (Berestein, 1994; Kang, 1994) . Since peaking in 1992, there has been a 9% decrease in overall on-premise alcohol outlets in Los Angeles County and an 11% decrease in overall offpremise outlets through 2000 (California Alcohol Beverage Control). Eighteen percent of this decline was a direct result of civil unrest caused destruction of alcohol outlets. Community mobilization prevented at least 40 off-premise alcohol outlets from re-opening and many were forced to reopen in other locations (Robinson-Jacobs, 2002) .
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Previous research has linked the density of neighborhood alcohol outlets with a variety of negative health outcome including homicides, assault, motor vehicle fatalities, and gonorrhea rates (2000; Gorman & Speer, 1997; Scribner, Cohen, & Farley, 1998; Scribner, Cohen, & Kaplan, 1999; Scribner, MacKinnon, & Dwyer, 1994) . In addition, previous studies indicate that deteriorated neighborhoods characterized by boarded up homes have higher rates of gonorrhea, premature mortality, and premature mortality from homicide and heart disease (Cohen et al., 2000; . However, these studies have been cross-sectional so it is unclear if these associations are causal.
A combination of theories has been put forward to explain the various components of the complex social, economic, and environmental interactions involved in a potential causal relationship between alcohol outlet density and alcohol related outcomes like gonorrhea. In a study of sexual networks involved in a gonorrhea outbreak, a popular motel bar was found to be the most important linking factor for eight large sexual networks (De, Singh, Wong, Yacoub, & Jolly, 2004) . Gruenewald and colleagues (Gruenewald, Treno, Nephew, & Ponicki, 1995) have promoted a theory of economic optimization to explain the ''choice'' of drinking venues (i.e., liquor stores versus bars) by various risk populations in terms of maximizing their demand for alcohol within economic and environmental constraints. Optimization theory explains why the drinking patterns of African Americans, the population at highest risk for gonorrhea, tend to be associated with off-premise liquor outlets, the type of outlet typically destroyed during the 1992 Civil Unrest. Treno, Alaniz, and Gruenewald, (2000) have extended optimization theory incorporating concepts of routine activities theory (Cohen & Felson, 1979) by demonstrating that African American and Hispanic drinking patterns associated with liquor stores results in drinking in less controlled environments (i.e., parties, special events, public places, and friend's houses). Presumably, it is in these environments that the greater risks of high risk sexual behavior and disease transmission occur, thus explaining the higher rate of gonorrhea associated with alcohol availability at local liquor stores. However, it should be noted that no research to support this final supposition has been conducted. Finally, race/ethnicity is also strongly associated with gonorrhea and STDs with AfricanAmericans and Hispanics affected at rates 7-30 fold higher than Whites (Moran, Aral, Jenkins, Peterman, & Alexander, 1989) . This large difference in disease prevalence has not been associated with any genetic predispositions (Aral, 1994; Ellen, Aral, & Madger, 1998; Garnett et al., 1996) . This paper investigates the temporal and geographic association between reported cases of gonorrhea and alcohol outlets and damaged buildings. On the one hand, if alcohol outlets are in the causal pathway of gonorrhea because they supply alcohol, which is associated with risky behaviors, we would expect declines in gonorrhea with their closure. On the other hand, if boarded up buildings signal social disorder and tolerance of deviant and high-risk behaviors, then an increase in gonorrhea should follow an increase in property damage.
The greatest numbers of reported gonorrhea cases tend to come from poor and minority communities (Cohen et al., 2000; Scribner et al., 1998) . Since the poor and minority communities within our study area are composed of multiple contiguous census tracts, we expect that census tracts with high gonorrhea rates will be spatially clustered or spatially autocorrelated. Regression analyses involving spatially autocorrelated units can lead to inflation of the effect sizes resulting in Type 1 errors (Gruenewald, 2000) . Consequently, our analysis includes a spatial regression model and a nuisance parameter to account for spatial error.
Methods

Sample description
The unit of analysis in this study was the census tract. The study includes 1652 census tracts in Los Angeles County from the 1990 US Census definitions, which represent a rich mix of race/ethnicity, socio-economic status and prevalence of gonorrhea. Of these, we excluded 159 tracts with a population less than 2700, and 12 unusual tracts that included ships-at-sea, group quarters and Universal Studios. As a result, the analysis sample included 1481 census tracts. Of the 1481 tracts, 420 tracts reported a total of 2240 unique addresses damaged in the 1992 civil unrest while 153 tracts had one or more off-premise liquor outlets whose license was surrendered. The majority of the damaged addresses were commercial businesses.
Data sources
Annual population counts at the census tract level by age, gender and race/ethnicity from 1990-2000 were provided by the LA County Department of Health. Actual counts were available for 1990 and 1995, with values interpolated for intermediate years using 1990 census tract boundaries. The LA County Department of Health also provided annual counts of gonorrhea of which 83% of all cases between 1988 and 2001 were geocoded. The match rate was slightly higher for African-Americans than for whites but because the rate of gonorrhea is about 30-fold higher for African Americans than for whites (Moran et al., 1989) this geocoding disparity was unlikely to bias our findings. Although census data may not be accurate in areas where there is much illegal immigration gonorrhea cases are also typically underreported, so if anything our estimates of gonorrhea rates are probably conservative (Kirsch, Shesser, & Barron, 1998; Rothenberg, Bross, & Vernon, 1980) . There is no evidence of any change in the reporting processes over this time period.
Annual counts of liquor outlet licenses came from the California Department of Alcohol Beverage Control (ABC) and our geocode rate was 98%. We also obtained a list of outlets that surrendered their licenses as a result of the 1992 Los Angeles civil unrest. Using license codes provided by the ABC, we classified the alcohol outlets based on their license to sell alcohol on-premise (bars and restaurants) or off-premise (liquor stores, grocery stores, and convenience stores). The list of riot-damaged addresses comes from Ong (1993) . The author compiled information on damaged buildings from three different sources: the Los Angeles City Department of Building and Safety, the Korean Central Daily and the California Insurance Commission. In addition, we also obtained a list of damaged addresses for the Compton area from the Compton Department of Building and Safety. We were able to geocode 99% of all damaged addresses mapping them to the 1990 Census tract areas. In order to quantify exposure to alcohol outlets, for each census tract we calculated the number of outlets per roadway mile. The remaining predictors were obtained from the 1990 US Census.
Individual residences, age, gender and race/ ethnicity of persons diagnosed with gonorrhea were obtained and addresses geo-coded then aggregated by census tracts for analysis. Over eighty percent of addresses were matched using Arcview 3.2 GIS software (ESRI Inc, Redlands, CA) along with Los Angeles County TIGER street files from the 2000 census. Addresses that the computer was unable to match were hand placed with the help of an Internet mapping site (Mapquest) and a Thomas Guide map book.
Measures
The primary outcome in our analysis is annual age and sex adjusted gonorrhea rate (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) at the census tract level which we calculated using direct standardization (Page, Cole, & Timmreck, 1995) . Because gonorrhea primarily affects individuals of child-bearing age, and disproportionately affects teenagers, we adjusted for five age groups (o15, 15-19, 20-29, 30-39 and 40+) and for gender. Only census tracts with populations of at least 2700 contributed to the county level rates. The number 2700 was obtained using the formula for minimum population size suggested by Wojdyla, Poletto, Cuesta, Badler, and Passamonti (1996) assuming a value of 1.96 for the z-statistic and an overall LA County gonorrhea rate of .001385.
The three key predictors associated with the 1992 civil unrest were: physical damage during the 1992 civil unrest, surrender of off-premise liquor outlet license around May, 1992, and annual alcohol outlet density from 1991 to 1996. Physical damage was measured as a binary indicator of any damage in the tract due to the civil unrest. We measured surrendered off-premise alcohol licenses due to the 1992 civil unrest by computing the ratio of the number of off-premise liquor outlet licenses surrendered in 1992 to the total number of off-premise liquor outlet licenses in the tract in 1991 just prior to the civil unrest. Annual alcohol outlet density was measured as the ratio of the number of off-premise liquor outlets to the number of miles of roadway in each tract.
The other covariates included were: (1) percentage Black, (2) percentage Hispanic, (3) percentage male, (4) an index of socio-economic status, computed by averaging standardized values of the 1990 Census measures: median income, percent of population with education level less than high school, and percent unemployed in the tract, and (5) baseline adjusted gonorrhea rate. The first three covariates were annual estimates available for the each of the years between 1990 and 1999; socioeconomic status was available for 1990 only; baseline gonorrhea rate is from 1988.
Analysis procedures
Before performing modeling and advanced analyses, we calculated descriptive statistics and bivariate correlations, and checked the variables for linearity and normality. Preliminary analyses suggested that the full model including all of the mentioned predictors may be collinear. Therefore, we performed theory-driven predictor selection in conjunction with backwards and forwards stepwise regression to remove collinear variables. In all the models, we controlled for all available baseline and time-varying covariates to account for selection effects.
To appropriately model the longitudinal data (on tracts) over time, we used individual growth models realized through PROC Mixed in SAS (Littell, Milliken, Stroup, & Wolfinger, 1996; Singer, 1998) . We used a two-level model, in which the level-1 model (within tract) is a linear individual growth model, and the level-2 model (between tract) expresses variation in parameters from the growth model as a function of tract-level covariates (characteristics) and interactions of time with tract-level covariates. The level-1 and level-2 models can be written as a single combined model with fixed and random effects, where we represent the fixed parameters as b and the random parameters (or error terms) using u. The combined model is:
where r ij $Nð0; s 2 Þ. Note that this model includes both a random intercept and a random slope over time for each tract. The measure of time was centered at 1992, while all of the variables were centered at their respective 1992 means.
We elected to use an individual growth model using direct standardized rates rather than a Poisson model because the use of standardized rates is the accepted practice in STD epidemiology and has the benefit of easy interpretation (Page et al., 1995) . Furthermore, we could not find software that would fit longitudinal poisson count data as well as adjust for spatial clustering under a fully Bayesian approach.
Spatial adjustment
As an initial step, we computed a Moran's I statistic to quantify the amount of clustering in annual gonorrhea rates. We enhanced the individual growth model to account for the effects of spatial autocorrelation amongst census tracts, using the Repeated statement in SAS Proc Mixed. This procedure allowed us to adjust the standard errors and significance tests to account for any inflation or deflation due to geographical clustering. We assumed a spherical covariance structure, based on a semivariogram computed from these data. The three parameters in the spherical covariance structure: partial sill (s 2 ), range (r) and nugget (s 2 1 ), were estimated from the semivariogram. The spherical covariance structure is given by the following equation:
where d ij is the Euclidean distance between the centroids of the ith and jth vectors of these coordinates, which correspond to the ith and jth tracts in the input data set. In this particular application, the spherical clustering was specified on the state plane coordinate system in miles using a 3-mile lag distance. We found that the semivariogram was robust to choices of lag distance and maximum number of lags. We also provided estimates of the covariance parameters as starting values to PROC Mixed. We conducted a test for H 0 : r ¼ 0 that there is no spatial clustering. In order to do this, we computed a likelihood ratio test statistic as the difference of À2 times the REML log likelihood (À2 REML LL) of the spatially adjusted model and that of a model without spatial adjustment. The resulting likelihood ratio test has two degrees of freedom. Finally, we compared the regression coefficients, standard errors and the associated tests of significance between the unadjusted and adjusted growth models to determine the impact of the adjustment. Table 1 summarizes the predictors used in the models and describes the demographic characteristics of the 1481 tracts in Los Angeles County. Among the tracts, the average number of offpremise alcohol outlets per road mile prior to the 1992 riot was 0.49, the average percent of offpremise liquor outlet licenses surrendered immediately after the riot was 3%, and the proportion of tracts that reported any damage due to the civil unrest was 28%. Table 2 lists correlations between tract characteristics and age-sex-adjusted post riot (1993) (1994) (1995) (1996) gonorrhea rate. All predictors were strongly correlated with the gonorrhea rate except for percentage Hispanic and percentage male. Table 3 shows a series of four individual growth models predicting age-sex adjusted gonorrhea rates. The first three models explored the hypothesized association of each riot-related key predictor separately (percentage of off-premise alcohol outlet licenses surrendered, indicator of damage due to riot and alcohol outlet density) with gonorrhea rates Table 2 Correlations between demographics, damage, alcohol outlet density and age-sex adjusted post riot (1993) (1994) (1995) (1996) Relative to the simplest model, the final model including all of the above tract-level and year-level characteristics explained 92% of the between-tract variance and 93% of the within-tract variation. The final model also had the best fit compared to the other three models that fit one key predictor at a time, so we will discuss its results here. All predictors except for socio-economic status were statistically significant at the po:01 level. The average gonorrhea rate in 1992 for tracts with no damage, with all continuous characteristics fixed at their overall mean (representing the ''average'' tract), is 110 per 100,000. In 1992, a tract with damage had a higher intercept of 56 additional cases per 100,000 than a tract without damage, provided the two tracts had all the average characteristics. The overall time trend indicates a decline of 11 cases per 100,000 for the non-damaged ''average'' tract. However, damaged tracts had a more rapid decline of 33 cases (b ¼ À10.96 to 21.90) per 100,000 annually.
Results
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Similarly, tracts with more off-premise liquor outlet licenses surrendered in 1992 had higher gonorrhea rates (b ¼ 2:93, po:0001) at baseline than tracts with fewer licenses surrendered. However, the rate of decline over time for tracts with more surrendered licenses was steeper than in tracts with fewer surrendered licenses. For a typical tract in LA with 5 off-premise outlets the effect size of closing one of these outlets translates to 42 fewer gonorrhea cases per 100,000, if other characteristics are set to their average value.
Even after controlling for the effect of property damage and surrendered licenses during the riot, alcohol outlets had a positive association with gonorrhea rates. The median number of off-premise outlets per roadway mile is 0.36 and the average number of roadway miles per census tract is 16. Thus, for a tract with the median outlet density and ''average'' characteristics, the increase is 62 additional gonorrhea cases per 100,000 compared to a tract with zero outlet density.
The results of the spatial analysis suggest that there is a significant degree of clustering amongst tracts within 3 miles (Moran's I value of .73, po.0001). The À2REML_LL from the unadjusted model is 32,719.3 while the same quantity from the spherical model is 32,587.1. Thus, the likelihood ratio test statistic is 132.2. Comparing 132.2 to w 2 ð2Þ , 
Discussion
Our findings support the significant role of alcohol outlets, but not damaged buildings in the spread of gonorrhea. Although a plausible mechanism for alcohol outlets is their supply of a substance that is used to facilitate sex, alcohol outlets can facilitate other substance use by selling drug use paraphernalia (i.e. tobacco rolling papers that can be used for marijuana, clear tubing used to make crack cocaine pipes, single steel wool pads used to fashion crack cocaine pipe filters). Off-premise outlets can be sites where people who engage in high-risk behaviors gather, not just for drinking, but sometimes to use and exchange other drugs. The closure of outlets thus may have led not only to a decreased supply of alcohol, but also to fewer potential gathering places for high-risk individuals.
Limitations
Although our study is a longitudinal design, the data we have obtained are ecological and so there are several limitations that need to be recognized. The civil unrest and loss of outlets are closely intertwined and it is not possible to identify the precise mechanism of gonorrhea decline-whether due to community change in norms and tolerance for deviant behaviors or due to closure of alcohol outlets alone. The secular trend over this time period showed a decline in gonorrhea in all areas of Los Angeles. Our findings indicated that declines were steeper in census tracts where alcohol outlets were closed. Nevertheless, it is possible that independent events, such as targeted HIV prevention efforts and STD control efforts may have also contributed to the decline. These may have facilitated the interruption of sexual networks associated with alcohol outlets (De et al., 2004) . A simultaneous dynamic relationship between physical structures (outlets) and social structures (community norms and behaviors) makes it impossible to exactly pinpoint whether the closure of alcohol outlets operates directly on sexual behaviors or through a norm-changing mechanism. It is clear however, that the riots were a seminal event that preceded the subsequent steeper decline in gonorrhea in affected tracts compared to non-damaged tracts.
Although we did obtain annual data on race/ ethnicity, gender, and age of the denominator populations, and our models controlled for changes in the population, our SES measures were only from 1990, and our damage indicator was only for 1992. An important concern is that the census tends to undercount populations in low-income areas with high rates of minorities (Anderson & Fienberg, 2000) . However, the tendency to underreport gonorrhea and our geocode rate of 83% together are both likely to be even lower than a population undercount, making our annual estimates of gonorrhea rates conservative (Kirsch et al., 1998; Rothenberg et al., 1980) . These biases in reporting and identifying gonorrhea cases are likely to be constant over time. Since our geocode rate was similar each year, our analysis of the relative changes in gonorrhea over time, rather than the absolute estimates, should be correct.
Another concern was the lack of information on when and if damaged building were repaired after the riots, making it impossible to discern the impact of damage over time. If buildings were repaired, it might explain why we found a negative association between damaged buildings and gonorrhea, as these would have represented new, potentially improved buildings rather than ''broken windows''.
Activities related to efforts to preventing closed alcohol outlets from re-opening subsequent to the civil unrest may also have resulted in other unmeasured community changes that could influence continued sexual risk taking among populations in affected areas. Potential unmeasured examples of this include community and police efforts to close down crack houses, shooting galleries and open air drug markets, greater police presence and enforcement in these neighborhoods that also discouraged prostitution and disrupted drug markets (Operation Cul-De-Sac), and better parental and community monitoring of adolescents and young adults during high risk times (3-6 pm).
Other possibilities might include greater police presence and enforcement in these neighborhoods that also discouraged high-risk behaviors. Although 12,000 persons were arrested for rioting and looting during this period, most were quickly released, so it is unlikely that the incarceration of large number of high-risk residents could have explained subsequent continued declines in community rates of gonorrhea.
Alcohol outlets have historically been considered nuisances in residential neighborhoods. In particular, the presence of community activists who had the closure of alcohol outlets at the top of their agenda made a difference in preventing dozens of businesses that had previously been problematic from reopening as alcohol outlets. In the short-term, the combined community activism and the obvious physical neighborhood change reduced overt social disorder, like public drinking and loitering youths. Curfews, initial successes in preventing the reopening of closed outlets, and other control measures after the civil unrest may have given a boost to what has been called ''collective efficacy,'' with people more willing to exert even greater informal social controls, knowing that there might be more back-up from the law enforcement infrastructure. There was also a subsequent optimism, in that several high profile efforts to ''Rebuild LA'' occurred in the aftermath of the civil unrest. Although it is not possible to tease out which of these changes might be most responsible for the decline in gonorrhea, each component is likely to have made an important contribution.
One final concern with our spatial analysis was the use of census tracts which are arbitrarily related to the clustering of alcohol outlets. The absolute availability of alcohol might not be best captured by a census tract analysis even accounting for spatial autocorrelation. Also the choice of the appropriate range for assessing spatial autocorrelation is not clear.
Although the LA civil unrest changed both the physical and social structures of affected communities, the loss of alcohol outlets was particularly salient. The contribution of outlet decline to reductions in gonorrhea cases appears significant and it is also possible that other outcomes may be affected as well, including domestic violence, assaults, injuries, and traffic fatalities, and even AIDS cases. While future studies can investigate these possibilities, the findings we have support the importance of continuing controls and limits on alcohol outlet density.
